With 1 the development of society, more and more large-scale activities are conducted in the cities. The issue that how to avoid emergency in respect of human performance has attracted a lot of researchers. It is easy to find the counter-flow in large-scale activities. Bi-directional movement has attracted a lot of researchers to investigate. More attention is paid to the existence of lane formation in respect of experiments and simulations. However, few attentions are drawn to the definition of lane formation in counter-flow. In this paper, a method based on deep learning technique(DBSCAN) is proposed to define lane formation. Lane formation based on DBSCAN is used to gather the pedestrians in a group, and order parameters and time step are taken into consideration in order to obtain the number of lane formation explicitly. Then proposed method is compared with previous lane formation definition. All the lanes defined by previous method are quantified during movement process, which could reflect self-organization in time, while method introduced in this manuscript are measured after movement, which needs more data after event. The proposed method has the ability to calculate the number of the lanes. The work in this paper is intended to better understand movement during counter-flow in a corridor and develop a technical foundation for evacuation strategies in largescale activities. †This is the corresponding author.
INTRODUCTION
With the development of the society and the urbanization process, more and more people move into cities, which leads to high population density in the city areas. And in the last few years there are several crowd accidents causing serious death and injured, such as tramples in Shanghai(2014) [1] , Duisburg(2010) [2] and so on. The issue has attracted a lot of researchers to investigate self-organization phenomena in largescale activities, such as one-directional movement and bidirectional movement, and so on. For one-directional movement, many researchers [3] [4] [5] studied human performance in terms of velocities and densities. Furthermore, some [6, 7] obtained the relationship between density and velocities. As for the bidirectional movement, it is also called counter-flow [8, 9] , in which there are two different moving directions and occupants move toward opposite directions. At lower density, occupants could move freely and walk without physical touch. While at higher densities, occupants slow down velocity in order to avoid collision with surrounding agents [10] . Besides pedestrians tend to follow the occupants with the same moving direction, which results in the formation of lanes and lower possibility of jam in counter-flow movement [11, 12] . Thus it is necessary to analyze lane formation in large-scale activities. There are mainly two ways to study self-phenomena in respect of lane formation: experiments [13] [14] [15] [16] and simulations [17] [18] [19] [20] . Kretz et al. [13] carried out counter-flow experiment in a corridor with the width of 2 m. They found [13] that pedestrians simply chose to follow closely behind other person who moved in the same direction, which could lead to lanes during the moving process and that the number of lanes ranged from 2 to 4. Xue et al. [21] carried out counter-flow experiment in a corridor and lane formations were observed during the movement. Lane formations were also found in the analysis of Claudio et al. [22] and five different phases were recognized as contribution to the transition from unidirectional to bi-directional flow including the spontaneous creation and dissolution of lanes. Zhang et al. [23] tried to obtain lane formation phenomena in respect of velocities and density, and the velocity profiles seemed to have a good ability to display the lane formation in bidirectional streams. As for the counter-flow investigation in simulation, there are two main approaches [24] that segregate agents: movements considering left-hand/right-hand characteristics [25] [26] [27] and movements considering effect from surrounding environment [24, [28] [29] [30] . The former assumes that people have the preference to walk on the left or right side of the road; thus, this model generally simulates two-lane formation. Yang et al. [31] thought people preferred to walk on the right-hand side of road or channel and they reproduced the lane formation with a CA model which considered the right-preference. The latter takes two behaviors into consideration: following behaviors [32] and avoiding behaviors [27] . Following behavior is one of human performance during counter-flow and it is useful for the reduction of conflict; avoiding behavior is used to avoid collisions from occupants moving opposite direction, leading to higher velocity of the occupants. Based on experimental data, Isobe et al. [32] reproduced the lane formation by introducing a model, and each person in the model was simulated by a biased random walk taking into account following the front persons with the same direction. Ma et al. [28] thought that a moving pedestrian interacted with a fixed number of those nearest neighbours coming from the opposite direction to determine his/her own moving direction. And occupants were affected by range of interaction. Based on following and avoiding behavior, Nowak et al. [33] introduced an order parameter which was adopted from the analysis of colloidal suspensions, and four different states (free flow, disorder, lanes, gridlock) can be distinguished. The research mentioned-above could prove the existence of lane formation in respect of experiments and simulations, and some simulations could reproduce human performance in real life. However, there is little research on the definition of lane formation. At the same time, there are no techniques to measure the number of lanes. Thus in this paper, a method based on DBSCAN would be proposed to define lane formation and we try to get the number of lanes with the proposed method. To describe the work in this paper, the order parameters is shown in the section 2; in section 3, lane formation is calculated with the help of order parameters and time period; in section 4, the method proposed in this paper is discussed and the definitions of lane formation are compared with previous studies. Conclusions are given at last section.
ORDER PARAMETERS DESCRIPTION
An order parameter is introduced to indicate the presence and absence of lanes in counter-flow movement [30] . , , 
The value i  is given to each agent i at each time step, where A means the agent generated at the right border of the corridor, while B denotes the agents assigned at the left border of the corridor. Furthermore, 
Where N is the total number of occupants in the scenario.
Through the global order parameter  , it is easy to detect inhomogeneities parallel to the preferred walking directions of the particles. However, it is difficult to obtain the number of lane formation, so that we try to obtain the number of lane formation with the help of order parameters. In Fig. 1 , the color blue means that r  is equal to -1, that is row r is occupied by all pedestrians generated from right side. And the color red means that r  is equal to 1, that is row r is occupied by all pedestrian generated from left side.
LANE FORMATION BASED ON DBSCAN

Brief description on DBSCAN
Density-based spatial clustering of applications with noise (DBSCAN) [34] is a data clustering algorithm proposed by Martin Ester, et al. It is a clustering algorithm based on density: given a set of points who has the same properties in some space, a cluster is defined when it groups points with many nearby neighbors. DBSCAN requires two parameters: ε (eps) and minPts; ε (eps) is the radius of point and minPts denotes the minimum number of points required to form a dense region. It starts with an arbitrary starting point that has not been visited. This point's ε-neighborhood is retrieved, and a cluster is started when it contains sufficiently many points. Otherwise, the point is labeled as noise. This point might later be found in a sufficiently sized ε-environment of a different point and hence be made part of a cluster [35] . DBCSAN has some advantages:1) this method is not affected by ordering of the points, the results mainly count on ε (eps) and minPts; 2) DBSCAN can find arbitrarily shaped clusters. It can even find a cluster completely surrounded by a different cluster; 3) The noise points are easily recognized by DBSCAN. More detail could be find in [35].
Lane formation calculation
In this part, due to lack in experimental data of lane formation, all the data calculated are from experimental datasets of Zhang et al. [5, 23, 36] As for the lane formation, two parameters are mainly taken into consideration: order parameter for each row and time period. With the datasets of the past 40 frames(ε=4 and minPts=3), the number of lanes could be measured, and the results are shown in the following. Fig. 2 and Fig. 3 show the trajectory of all occupants for scenario bi_corr_400_b_09 and corresponding number of lanes, separately.
To avoid the effect of unsteady state due to few people in the corridor, the results of lanes from 500 and 2500 are used to evaluate the validity of DBSCAN. It is obvious that this method could calculate the number of lanes in the system. The same results could be found in Fig. 4 and Fig. 5 . And Fig. 6 shows the lanes for different frame by visualization. 
DISCUSSION
It is easy to find lane formation in real life, especially in largescale activities. Lane formation is formed due to fact that occupants try to avoid the conflict with opposite moving agent, and compared to the congested scenario, system in a corridor could still run when density is high. In addition, it is found for the common scenarios, the number of lanes ranges from 2 to 7 in reality [23, 28, 31, 37] . Thus the detected number of lanes could be considered as a parameter to describe the safety level in the system. Once the value is smaller than 2 or larger than 7 for some time in the corridor, there is a large chance that the system could run in a jam or congested state. For the safety management in large-scale activities, the officials could take actions to prevent occupants from tramples or emergency event. Thus, it is of great significance to study the lane formation. In this part, the proposed method is compared with previous studies. There are several ways to cluster occupants in a group. But there are no unique definitions on lanes and some research on lanes is based on visualization and qualitativenss. Weng et al. [8] defined lane formation as the phase when occupants could move freely. Furthermore, although Kretz et el. [13] found the presence of lanes and provided the number of lane in the paper, they did not define the lane formation. is less than some value c2 This method is interesting and could be calculated and cluster during movement process. Zhang et al. [23] showed the lane formation with the help of Voronoi method, they used different colors to present the value of the velocity and density. Then the number of lanes in the corridor could be easily determined from the velocity profiles. The velocity profiles seemed to be a good way to display the lane formation in bidirectional streams. In comparison, density profiles do not have such an ability to show the lanes clearly. However, it is possible for density profiles to show some other information such as crowded and dangerous spots. In addition, Feliciani et al. [22] carried out the counter-flow experiment, and the experiment scenario was discretized into cells of size 0.2*0.2 m 2 by taking the balance between small accurate mesh and adequacy in cells to allow meaningful calculation of the different parameters. Then with the help of velocity in each grid, lane formation is observed in discretized scenario. All the definitions of lanes mentioned-above are measured during movement process, which could reflect self-organization in time. While method introduced in this manuscript is measured after movement, which needs more data after event. As for the human characteristic, speed, density and location are adopted to describe lanes in previous studies. In this manuscript, calculation of lanes mainly depends on spatio-temporal information. On the one hand, the moving direction is known before calculation, thus speed is not taken into consideration; on the other hand, the method works well without speed, and there is no need to consider the velocity during calculation. The proposed method in this manuscript has the ability to calculate the number of the lanes. Zhang et al.
[23]
Feliciani et al. [22] In 
CONCLUSION
With more people spring into cities, accidents due to crowded occupants caused death and injuries. This issue has attracted a lot of researcher to investigate self-organization phenomena, such as bi-directional movement. Few attentions are drawn to the definition of lane formation during studies. Thus in this paper, a method is proposed to define lane formation and we try to get the number of lane with the proposed method. Lane formation based on DBSCAN is used to gather the pedestrians in a group. Order parameters and time interval are used to define the number of lane formation explicitly. At the same time, the image measurements (erosion and dilation) are intended to remove noise lanes and improve the effectiveness of the lane formation. Then way to define lanes is compared with previous methods. The lanes defined by other researchers are quantified during movement process, which could reflect selforganization in time, while method introduced in this manuscript are measured after movement, which needs more data after event. DBSCAN method has the ability to calculate the number of the lanes. The work in this paper is intended to better understand movement during counter-flow in a corridor and develop a technical foundation for safety management in large-scale activities. 
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